Sickle cell disease (SCD) is associated with acute vaso-occlusive crises that trigger painful episodes and frequently involves ongoing, chronic pain. In addition, both humans and mice with SCD experience heightened cold sensitivity. However, studies have not addressed the mechanism(s) underlying the cold sensitization or its progression with age. Here we measured thermotaxis behavior in young and aged mice with severe SCD. Sickle mice had a marked increase in cold sensitivity measured by a cold preference test. Furthermore, cold hypersensitivity worsened with advanced age. We assessed whether enhanced peripheral input contributes to the chronic cold pain behavior by recording from C fibers, many of which are cold sensitive, in skin-nerve preparations. We observed that C fibers from sickle mice displayed a shift to warmer (more sensitive) cold detection thresholds. To address mechanisms underlying the cold sensitization in primary afferent neurons, we quantified mRNA expression levels for ion channels thought to be involved in cold detection. These included the transient receptor potential melastatin 8 (Trpm8) and transient receptor potential ankyrin 1 (Trpa1) channels, as well as the 2-pore domain potassium channels, TREK-1 (Kcnk2), TREK-2 (Kcnk10), and TRAAK (Kcnk4). Surprisingly, transcript expression levels of all of these channels were comparable between sickle and control mice. We further examined transcript expression of 83 additional pain-related genes, and found increased mRNA levels for endothelin 1 and tachykinin receptor 1. These factors may contribute to hypersensitivity in sickle mice at both the afferent and behavioral levels. Ó
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Introduction
In sickle cell disease (SCD), sickle hemoglobin in erythrocytes polymerizes under low oxygen conditions, distorting the cell shape, leading to sporadic vaso-occlusive crises and tissue ischemia [21, 39, 54] . Although the most severe pain occurs during these acute, tissue-damaging crises, many patients (50%) also develop chronic baseline pain and experience heightened cutaneous sensitivity during adulthood [8, 54] . The lives of patients with SCD are further affected by pain elicited by a host of innocuous common stimuli including light wind, brushing of the skin [41] , and enhanced detection of and pain sensitivity to mild cold [8, 38, 49] . Despite the severity and prevalence of SCD-associated pain, the underlying mechanisms remain poorly understood.
Recent evidence has shown that the Berkeley mouse model of severe sickle cell disease, in which mice express either 100% sickle or normal human hemoglobin [43] , exhibits increased reflexive nocifensive behaviors in response to static cold (4°C and 20°C) [9, 20] . However, the static cold temperature assay does not reflect the mouse's preferred temperature environment, nor does it offer sufficient resolution to quantify the degree of cold aversion. Therefore, there is a need to address how thermotaxis might be altered in sickle mice. Sensitization of peripheral afferent fibers may correlate with the psychophysical measurements of hyperalgesia and allodynia. Recently, we reported that primary afferent fibers in sickle mice are sensitized to mechanical stimuli, with subtypes of Ab, Ad, and C fibers exhibiting heightened responses to both noxious mechanical and light touch stimuli [17, 20] . In conjunction with altered central nervous system processing, enhanced peripheral cold detection may contribute to cold hypersensitivity in SCD.
The ability of sensory neurons to detect cold temperatures has been attributed to the cold activation properties of ion channels in peripheral nerve terminals. 
